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The other two edges are at right angles to the horizontal axis. The length 
of 

each edge is equal to diameter of opening part (13). The hole is 
surrounded by 
inclined (111) face (6). 

ADVANTAGE - Ensures angle matching accuracy in crystal I ographic axis 
direction 

of substrate and mask pattern. Provides highly precise machining by 

etching 

process. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the ultra-fine processing technology by the anisotropic etching of 

silicon. 

[0002] 

[Description of the Prior Art] The case where the positioning fixture which uses the micro-processing approach by the 
conventional silicon anisotropic etching for alignment at each tip of a fiber of the optical fiber (it is called a point ball 
optical fiber) with which point ball processing of a large number was carried out is produced is made into an example, 
and it explains. Si02 in which drawing 4 was formed on the {100} side silicon wafer 1 Or Si3 N4 etc. - it is drawing at 
the time of die length of one side forming the square opening 3 of a in the protective coat 2 for etching-proof, and 
carrying out anisotropic etching. 

[0003] An etch rate changes with crystal orientation of specification [ silicon ]. That is, it has an anisotropy. Etching 
progresses quickly most in respect of { 100}, and the etch rate of silicon in {1 1 1} sides is slow. Various structures are 
producible using this etching velocity ratio ({100} :{1 11} =100:1). If use the {100} side silicon wafer 1, the <110> 
crystal orientation 5 and the direction of one side of the square opening 3 formed in the protective coat 2 for etching- 
proof are made in agreement and anisotropic etching is carried out, as for the square opening 3, etching will progress 
quickly in the wafer thickness direction. Moreover, the { 1 1 1 } side 6 to which 54.7 degrees inclined from the {100} 
side 4 appears from each side of the square opening 3 which formed the side face in the protective coat 2. Since the 
etch rate of this {111} side 6 is very as slow as 1/100 as compared with the etch rate of the { 100} side 4, it can open the 
hole 7 of the shape of a square spindle as shown in drawing 4 B. 

[0004] However, the { 1 1 1 } side 6 which is a side face of the hole 7 of the shape of a square spindle which carried out 
etching processing when [ whose include-angle doubling precision of the <1 10> crystal orientation 5 and one side of 
the square opening 3 is incorrectness as shown in drawing 4 C ] often etching does not turn into a flat field, but stair- 
like, {111} sides are expression and a hole side face is rough ****. Consequently, as for the dimension of upper limit 
opening of a hole 7, only a' will spread rather than one side a of the.square opening 3, and, as for the dimension of the 
pars basilaris ossis. occipitalis of breadth and a hole 7, only b' will spread rather than b. 

[0005] Moreover, as shown in drawing 5 , in the case of a { 1 10} side silicon wafer, anisotropic etching becomes 
possible by forming the rhombus opening 9 in the protective coat 2 for etching-proof formed on the wafer 8. If the 
diagonal line La of the longer one of the rhombus opening 9 is chosen as the <001> crystal orientation 10 (the diagonal 
line Lb of the shorter one is in agreement with <1 10> crystal orientations), it will be surrounded in respect of [ 6 ] 
{ 1 1 1 }, and the hole 7 of a rhombus will be obtained for a horizontal section. At this time, the {111} side 6 appears 
perpendicularly to the { 1 10}^ side 12. 

[0006] If the direction of the diagonal line La of the long, longer one of the rhombus opening 9 has shifted from the 
<001> crystal orientation 10 in the case of the { 1 10} side silicon wafer as shown in drawing 5 C, rough ** and an 
opening dimension will spread [ the { 1 1 1 } side 6 surrounding a hole 7 ]. In drawing 5 C, only in c f , die-length [ of one 
side ] c of a hole 7 spreads, and, only in a', height a of a rhombus (parallelogram) has spread 
[0007] 

[Problem(s) to be Solved by the Invention] When the {100} side silicon wafer 1 is used, the include-angle doubling 
precision of the <1 10> crystal orientation 5 and one side of the square opening 3 influences direct process tolerance. 
When the {110} side silicon wafer 8 is used, the include-angle doubling precision of the <001> crystal orientation 10 
and the diagonal line La of the longer one of the rhombus opening 9 influences direct process tolerance. The {111} side 
6 which is a side face of the hole 7 which formed by etching in any case appears stair-like, without becoming a flat 
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field, and is rough ♦ *****♦*♦*, 'As a result, the dimension of a hole 7 has the fauit which dispersion produces between 
each wafer. 

[0008] If such a wafer is used for the positioning fixture of a point ball optical fiber, a result which variation produces 
in the location at the tip of an optical fiber will be brdught with a fixture. Include-angle doubling precision of the 
crystal orientation of Si wafer and the direction of one side or the diagonal line of opening of the protective coat formed 
on the wafer of this invention, i.e., include-angle doubling precision with a mask pattern, is unnecessary, and it is in 
offering the processing approach whose process tolerance by anisotropic etching improves compared with the 
conventional approach. 
[0009] 

[Means for Solving the Problem] (1) Invention of claim 1 forms in the {100} sides of a {100} side silicon wafer the 
etching-proof protective coat which has circular opening, performs anisotropic etching and forms a square spindle-like 
hole in the aforementioned {100} field. 

(2) Invention of claim 2 forms in the { 1 10} sides of a { 1 10} side silicon wafer the etching-proof protective coat which 
has circular opening, performs anisotropic etching and forms a rhombus-like hole in the aforementioned {110} field. 
[0010] (3) In the micro-processing approach of silicon given in the above (1) or (2) terms, as for invention of claim 3, 
the penetration formation of said hole is made to carry out said silicon wafer in the direction of the thick taste. 
[0011] 

[Example] This invention is explained based on the example shown in drawing 1 - drawing 3 . The same sign as 
drawing 4 , drawing 5 , and a corresponding part is given to these drawings. In this invention, the circle configuration 
opening 13 is formed in the protective coat 2 for etching-proof formed on the silicon wafer. As shown in drawing 2 , 
the { 1 1 1 } side 6 appears in the side face of a hole 7 from the circular opening 13, and the square spindle-like hole 7 is 
obtained. As mentioned above, in respect of [ 4 ] {100}, etching is the quickest, silicon runs, and etching becomes the 
slowest in respect of [ 6 ] {111}. The square spindle-like hole 7 is obtained by difference of this etch rate. Even when 
the circular opening 13 is formed in the protective coat 2 for etching-proof, it becomes the same hole as the case 
( drawing 4 B) where formed the conventional square opening 3 and etching processing is carried out. 
[0012] When the circular opening 13 is formed and etching processing is carried out, the {1 1 1} side 6 whose include- 
angle doubling precision with the line writing direction 14 of much circular opening arrays which carried out array 
formation, i.e., the include-angle doubling precision with a mask pattern 2, is the side face of a hole 7 independently 
appears evenly in the <1 10> crystal orientation 5 and a protective coat 2 at the shape of a matrix, since opening is 
circular even when the include-angle doubling precision of the <1 10> crystal orientation 5 and the line writing 
direction 14 of a circular opening array is inaccurate as shown in drawing 2 C for example, - a hole - the { 1 1 1 } side 6 
which is a side face turns into a flat field. Unlike the case of the conventional square opening 3, neither the dimension a 
of the upper limit of the hole 7 after etching processing nor the dimension b of a lower limit has the amount of breadth. 
[0013] Since said dimensions a and b were not based on a wafer although the square spindle-like hole 7 inclined [ as 
opposed to / since it is formed in parallel with the <1 10> crystal orientation 5 by two sides which a hole 7 counters in 
drawing 2 C / the line writing direction 14 ] aslant, but it was made to regularity, when it uses for the positioning 
fixture of a point ball optical fiber, it is not based on a fixture, but the location at the tip of an optical fiber can be 
arranged uniformly. Thus, by forming the circular opening 13, compared with the conventional approach, process 
tolerance improves and the include-angle doubling precision of the <1 10> crystal orientation 5 and the line writing 
direction 14 of circular opening 13 array arranged in the shape of a matrix, i.e., include-angle doubling precision with a 
mask pattern, becomes still more unnecessary. 

[0014] Moreover, regardless of the include-angle doubling precision of the <001> crystal orientation 10 and the line 
writing direction 14 of circular opening 13 array, i.e., include-angle doubling precision with a mask pattern, as shown 
in drawing 3 , as well as **** when the { 1 10} side silicon wafer 8 is used, highly precise anisotropic etching 
processing can be carried out by forming the circular opening 13 in the protective coat 2 for etching-proof. 
[0015] The example of this invention is explained in order of a production process. 

(1) Attach to both sides of the { 100} side Si wafer 1 the protective coat 2 for etching-proof which consists of Si02 (or 
Si3 N4) ( drawing 1 A). 

(2) Form the circular opening 1 3 in the protective coat 2 on top by etching processing which used **-ized hydrogen 
next ( drawing 1 B). 

[0016] (3) Perform anisotropic etching and form the square spindle-like hole 7 ( drawing 1 C). 

(4) Attach the double-sided etching-proof protective coat 2 to a **-ized hydrogen solution, and remove it ( drawing 1 

D). 

The dimensional accuracy of the hole 7 opened using the circular opening 13 is not influenced by the include-angle 
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doubling precision of the crystal oriencwuon 5 of a silicon wafer 1, and mask pauorn 2', but process tolerance is decided 
only by precision of the diameter dimension a of the circular opening 13. Therefore, unnecessary and highly precise 
anisotropic etching processing of the include-angle doubling precision of the crystal orientation 5 of silicon and mask 
pattern 2' is attained. 

[0017] Since it is also the same as that of the case where the above-mentioned {100} side silicon wafer 1 is used when 
forming the circular opening 1 3 in a protective coat 2, carrying out anisotropic etching processing using the { 1 10} side 
Si wafer 8 and forming the hole 7 of a rhombus, explanation is omitted. Although the silicon wafer is made to penetrate 
a hole 7 in the thickness direction in explanation to this, this invention is not restricted in this case, but also when 
forming a hole in the depth of arbitration, it can be applied. 
[0018] 

[Effect of the Invention] By forming the circular opening 13 in the protective coat 2 for etching-proof formed in the 
silicon wafer, it is lost that the dimension of the opened hole is influenced by the include-angle doubling precision of 
the crystal orientation of a wafer and a mask pattern, and highly precise anisotropic etching processing can be carried 
out. 



[Translation done.] 
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